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An Interdisciplinary research team of A&7 Physics and Chemistry faculty
and students ( graduate and undergraduate) successfully deposited thin
diamond-like cardon (DLC) films on substrates provided them by ARDEC,
3s proposed. The substrates included aluminum, alumina, copper and »
copper chromjum. The films were grown by the Plasma Enhanced Chemical
Vapor Depos@tion (PECVD) method using a deposition system by Technics,
gnc. The films were characterized by their indices of refraction
Lmeasured using a Gaertner L - 117 ellipsometer) and their Raman
Epect(a (measured using a spectrometer at the University of North
-arolina at Chapei Hill, Chapel HI11,NC). Graduate studies ( 1 M.S.. »
T PhoD.) dissertations were developed from this study. The M.S. thesi

was comp’ ted by and A&T Chemistry student by “he close of this project.
Important dielectric studies were done by the Ph.D. graduate student

at the Institute of Advanced Technology at the Unversity ol Texas at

Austin, Austin, TX.
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_‘, J. FINAL TECHNICAL ACCOMPLISHMENTS SUMMARY

o 1. First Quarterly Technical Report (October I, 1992 - January
"j 26,1993) Summary - Year 1

During the first quarter, the project was stafled with a principal

rd“g lnvestigator (physiclst), two* co-investigators (1 physicist, 1 chemist), a

2" f part-llme secrelary, one graduate student (chemistry) and twelve {1¢.)
undergraduate (physics end chemistry) student workers. {Note: Budget

é!"“- revisions made by ARDFEC, reflected a 3,187 cut in secretarial services, but

a net $7,846 Increase in overall proposed first cycle funding, which the
investigators were authorized by ARDEC to expend as they saw fit. The

Cm *
i

cholce was made tc use the net increase for the first funding cycle for

: Y student workers]. Also during the first quarter, lab supplies were ordered,
new stafl was trained and Investigators began work on the proposed tasks
set forth in Appendix A, which were originally scheduled to begin in May

,1993. Also during this quarter, on January 11, 1993 the principal
investigator and both co- investigators met in a collaborative conference
with Marilyn Freeman (ARDEC Contracting Oflicer's Represertative and
rescarcher at both the Instltute of Advanced Technology (IAT) al the
University of Texas at Austin: and at the Electrical Armament Division of
ARDEC) al N.C. A&T State University. Together they geterated a more
realistic task schedule that took inlo consideration the time the award
was actually made whicii was later than expected. The revised task
schedule is Appendix B.

. 1 * One co-ihvestigator was placed on stafl inn October at the begiuning of the

F"ﬁ project. The second was formally added n January, 1993 at the beginning of
E the sccond semester, becausc his depariment (Chemistry) was unable to find
by replacement teaching stail for his classcs (which began in Augusi) in Gctober.

-1-




2. Second Quarterly Technical Report (January 27, 1993 - April 26, 1€93)

Summary - Year 1

During the second quarter, the N.C. A&T State Universily research team
members conicentrated on characterizalion of the deposition chamber

(See Appendices C and D) the x-,y-,z- directions for diamond deposition
usiny silicon substrales as standard, as was proposed. They found that
deposition depended on »-,y-,z-. Nole: The chemdstry members used
fafrared spectroscopy Lo characlerize the diamond and diamond-llke carbon

{DLC) lilms.

The physics teaimn mewmbers deposited and characierized the filims. As
proposed, they deposited the flims using the Plasma Enhanced Chemical
Vapor Deposition (PECVD) technlgque Ja their Plasma Deposiilon Chamber
by Technics, Inc. Also, as propesed, they characierized the films

using a Gaerluer L-117 ellipsometer to msmasure their of Indices of

refraction.

Third Quarterly Technical Report (April 27, 1993- July 26, 1693)
Summary - Year 1

During the third quarter, the N.C. A&T State Universily research team
members continued to focus on rharacte, ization of the deposition chamber
in the x-,y-,z- directions for diamond deposition using silicon substrates, as
standard. Investigations of the variation iz -z gave rise to some very
interesting fringe and deposition patterns associated with spacer type and
wilh electric fleld effects which the teamn began to cousider. Also, as
proposed, the team deposited a DLC film on an aluminum substrate
provided by ARDEC (designated as Experlment # 1, sce Appendix E for
experimental detall). This deposit was made during a collaborative research
visit by Marllyn Freeman to N.C. A&T Staie University in June of that year.

This sample was taken back by Marllyn Freeman to IAT for adhesion studies
-2.




|

and other observations. It was latler hrought to a Collaboratlve Conference
at ARDEC in June with Kern Strickland and Greg Pappatrefon of ARDEC
and the A&T research team. tlere it was determined that clezner film
handling procedures prior to deposition were nceded. Also at the ARDEC
meeting were: Dr. T. Richard Jow. Research Physical Scientist at Fort
Monmouth, N.J. and Dr. W.J. Sergeant, James Clerk Maxwell Professor of
the State Untiversity ofl New York at Buffalo. Other accomplishments at the
ARDEC ineeting included reports on: 1) the contract status and recent
visit to A&T by Marilyn Freeman, 2) technical accomplishments to date and
chamber characterization results by Elvira Willlams, 3) IR analysis of DI.C
films to date by Alvin Kennedy and 4) analyilcal tools or Llechniques required
for filn characterization and destred equipment list by Johnnie Richardson.
A discussion/planning session was also held in which it was decided we
needed to: 1) design some experiments to fill in the gaps/holes in chamber
cbharacterization data, 2) design some experiments to get the most milecage
per experiment, 3) design multiple experiments to study a single film
characteristic, 4) establish a cleaning procedure, b) establish mechanical
tesling procedures 6) use witness plales to determine deposited mass, 7) do
rellability measurements and 8) reschedule current tasks to accommodale
new and revised tasks. Upon their return to A&T, team members completed

#1 above and elther continued or began working on #'s 2,3,4, and 5.

4. Fourth Quarterly Technical Progress Report (July 27, 1993 - OGctober
26, 1993) Sw. .nary - Year 1

During the fourth quarter, focus was on il ¢ following:

(1) conuinued chamber characterization . (Il was determined that the

deposiifon process was affected by all substrate positions, -x ,-y and -2

-3
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(2) deslgnuig 2»periments to get the most mileage per experiment,

A collaborative research mecting was licld at N.C, A&T Stale University on
Seplember 24-26, 1993, Aitendees al the mceting on September 24,1993
were: The A&T rescarch team (Drs. Alvin Kennedy, Johnnile
Richardson and Elvira Willlams), Martlyn Freeman and Dr. Persad
Chadee from the Institute of Advanced Technology (IAT) at the Universily
of Texas at Austin. Attendees on Seplember 25, 1993 were: Marllyn
Freeman, Elvira Willlams, Dawn Fant, and Donald Anderson (Chemistry
grad students), A. Akpan (lab assistant). Attendees on September 26,
1993 were: Marilyn Freeman , Alvin Kennedy, Elvira Willlams, Dawn Fant,
Douald Anderson, and A. Akpan. During the technical meeting on
Scptember 24, 1903, Dr. Chadee suggested a most-mileage experlinent
in which substrate type and x-,-y, and -z positions were (o be varied in a
single run (Sce Appendix F. p.4 for description of experiment).

(3) eslablishing a rouline substrate cleaning procedure (acctone bath)
on all substrates and an etching procedure (usiug NaOH solution on

seclected aluminum substrates)

(4) deposition of DLC films on aluminun (lo replicate the results of
Experiment # 1 - reported on in the third quarlerly report- but this uine
with cleaned substrates). Also, deposition of DLC films on copper and

copper/chromlum substrates provided by ARDEC was a focus.

The purposes of these experhnents (See Appendix F, pp. 5-27 for
experimenial delall) were to: obtain prellininary temperature profiles
using hent tapes, repiicate results of Experiments#1 with cleaned
substrates, obtain satuples of DLC filius for further analysis by lest
methods other than those currently availa ¢ at NC A&T, coat with DLC
fllm a Cu/Cr coated ARDEC p'~te, and delermine (Jects of raising Rf

power on quality and charucteristics of caroon {ilm {DLC) on various
-4-
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substrates,

A normalized deposition rate (NDR) was defined in connection with
variation of depostiton ratlc with RT power and height (z) inside the
chamber. NDR  was deflned as mass/avca* thine.

Experimental results suggesis: (1) The deposition composition is strongly
dependent upon the power, High power levels (120 W) tends to produce
more graphite-like carbon structures. {2) The deposition rate is strongly
dependent on the power, and Increases as the power tncreases. (3) The
deposition rate appears to decrease as the helglit of the substrate in the
chamber Increases. (4) The lype of subsirate and spacer used seems to
affect the deposition rate.

(5) Electiric Field approximations ai fllm surface for metal and glass
spacers. See Appendix F, pp. 28 - 39 for discussion. Prelininary
inodeling of the eiectric fleld between the plates of a paraliel plate
capacilor (representations of the deposition chamber) suggests:

(1) The localized electric fleld above a substrate on glass or metial

spacers predominates. (2) Inside the chamber plates, vacuum, spacers,
substrales, DLC fllms, all form a scrles capacllor arrangement. (3) The

top capacllor plate is al 440 volis.

(6) thickness measurements of DLC filins on slilcon wafers/glass
substrates. These analyses were made by Marilyn Freeman at sites olher
than A&T. Such measurements (using a Dektak A surfuce profile
measuring system) revealed that our ilms were from 3500 to 7400
angstroms thick.
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B. First Quarterly Technical Report (October 27, 1993 - January 26, 1994)
Summary - Year 2

On December 13, 1993, a collaborative research meeting was held at Plc-
atinny Arsenal in the Nuclear Division. Attendees: Alvin Kenny, Johnnie
Richardson, Jr. and Elvira Willlams, Marilyn Freeman and Greg Pappa-
trefon. Major shared observations were (1) that deposition results
depended on whether spacers were conductors or insulators and (2}

it was unclear whether the top or botiom plate of the depositlon chamber
was at ground (the manual did not specify). The team designed soine
cxperiments to shed light on these Issues. The expertiments were

Lo be carrled out at A&T with Marllyn Free parlicipaiing in the expert-

ments. The experiments were conducted.

Also while at Picalinny, the team toured Greg's lab and had some profil-
ometer measurements done on some of our filins and found thelr
thicknesses reasonable. The tcam also toured the Optics Divislon at
Picatinny to try to get some Raman measurements on the fihns, but they
were too thin to ylcld usable results by the method used.

While in New Jersey (on December 14, 1993), the team also toured the
Electronlcs section of Dr. Richard Jow's lab at Fort Monmouth. Dr. Jow
agreed {o make needed capacitor measurements for the team. The team

also toured the Diamond Deposition lab at Fort Mominouth.

When the A&T segment of the team arrived back home, they did the
grounding test experiment. The grounding experiments cousisted ol
measuring the voltage versus power between the chamber plates which
showed an lncrease of voltage with power. From these experiments, il

was determined that the bottom plate was at ground.

A collaborative research meeting was held at A&T December 17-18, 1993
-G-
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with attendees: Alvin Kennedy, Johnnie Richardson, Jr., Elvira Willlams,
Marilyn Freeman and Mr. A. Akpan (research assistant). The teain carried
cut the experiment that was designed at the Picatinny meeting fo
deterinine the effects of grounding the metal substrates on the guality
aud characteristics of deposited carbon filins \DLC). This experlin:ent was
Jabeled Experiinent #4, since it was the 4th expesiment that the team did
together. The details of this expertment are in Appendix G.

Expertmental results suggest: (1) At 30 W, the substrates which were in
coutact with the baseplate have a higher deposition rate than the
substrates on insulating glass spacers. (2) For both types of spacers, the
deposition raie decreases as the height increases. (3) At 90 W no untform
{lm was deposited on {he subsirates in contact with thie baseplates. There
appeared to be remains of etched filin on the surface of these substrates.
The deposition rate for these filis were calculated from the debris on the

surface. It is possible that a film was formed, but the etch rate excecded
the deposition rate for {iesc conditions. Al any rate, these results clearly

demonstrate that the eleciric field near the surlace of the substrate
strongly influences the DLC formation. (4) The surface of grounded
substrates (1Cu, 1Al) were elched away, while the surfaces of lloating
electrodes (1 Cu, 1 Al) werc coated with uniform DLC films. The
substrates were all in the chamber at the same time and part of the same
run. Under these deposition condltions, the Cu and the Al depositions
rates were the saine, while in previous experiments, the Cu deposition
rates were lower than those for Al. The «differences could be die to the
different local electric fields for the two experiments. (5) For Cu sub-
strates on glass spacers, there appears to be a linear relatiouship between

power and deposition rale.

The complexity of the depesition conditions needed for DLC filins
required that we beglin o consider using experlmental design techiniques

to determine the important deposition factors.
_7-




6. Second Quarteriy Technical Report (January 27, 1994 - April 26, 1994)
Summary - Year 2

Aslde from weekly seminars with facully and students to discuss and

plan project events, the followtig other technical accomplishments were
made:

1. Fabrication of 2 working Al-DLC capacitors (Al coatings done at
ARDEC, DLC coatings done at A&T). Cepacliors gave rlielectric data,
although they did show sigus ol lcakage, possibly due o pinholes.

' ﬁ 2. Made null Raman readings of sclected filins (made at A&T) at ARDEC.

Readings possibly null because the films were too thin,

g 3. Began (o complile a data base of ail runs done at A&T (o date to look

e for patterns and other information that could enharnce deposition

- ,,% techniques. .

- 4, TEM measurements on DLC samples (DLC deposiied at A&T, TEM
2 measurements made at the IAT). Ring and spot patterns found suggest-
cd crystaliine film components. X-ray diffraction patlerns suggested
amorphous {ilm which could be related to grain size.

5. We studled closely a paper, "Towaids a General Concept of Diamond
Chemical Vapor Deposition" by Backmon and others, as {t relates to our
work. A Diamond and non-dlamorid growth region based on the ratio of
aloms of hydrogen (or oxygen) to the total number of reactant gas aloms.

Forour 22.7 sccur CHy Lo 50 scem H, | DLC fllms, our ratio was

" .% calculated to be 0.894 as {ollows:
g] (90.8 + 100) scem/(22.7 + 190.8) scem = 0.894,
A“L We examined the capabilily of our deposition sysiem as ii reiates

to duplicating the reactant gas ratlos discussed 1u that paper.
6. We complled a list of Diamond Thin Films journals.

-8-
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7. We held technical meetings al A&T (March 15-16, 1994) i which

o experlinents #5 and #6 were perforined. The objectives of these
cxperimentis were to obtain thicker fiims than those previously deposited

on Al-on-glass plates, make capacitor devices from them and
to analyze the devices. The experimental procedures are in Appendix H.

Gl %:_ S
N . I

7. Third Quarterly Technical Report (April 27, 1994 - July 26, 1994)
Surimary - Year 2

Aside fromn the sharing of technical information and updaics at the
Investigators' meetings and stafl seminars, very little technical accom-
| plishment in the area of ilm deposilion was made. This was because of a

breakdown of the flow controllers on the deposition system and the long »
subsequent delay in the manufacturer's shipuient of thie new flow ineters

and accessories {that were ordered.

3 The new flow meters arc calibrated to accommodate a single type rcactant »
' gas. This eliminaled the need to calibrate the multi-gas {low

controllers of the old system cach tlme a new reactant gas is uscd.

“ The replacement parts were delivered July 21, 1994 just four days be-
fore the close of the currciit reporting period.  This dilemma caused

us to have {o cut one of our two physics professors from the stafl for the
month of July. also in May, with the ciose of the academic year, the nut-
ber of student workers was cul from 12 to 2 (1 graduate and | undergrad-
uale). Graduate student, Dawn Fant (Cheruistry), began to clearly define

a thesls problem, which was rcported on In subscquent guarterly reports.

Because of the flow meler problem, a planned technical meeting between
A&T and Martlyn Freeman of IAT/ARDEC originally set for July 11-15,
1994 was cul to July 11-13, 1994. Iustead of doing experlments,
-9- »




Investigators at this nicelin; shared technical Information ari planned
future events. It was decided In that meeting that a no-cust extension
request should be made in order for it (o be possible jor the team to hav2
time to to fulfill original/revised contractual obligalions {o ARDEC. The
specilic planned techinical accomplishments thal come out of the July
technical meeting that will fulfill all orjiginal/revised contractual
obligations were reporled in the Planned Technical Accomplishments
scction of the July 26, 1994 Quarterly Report. This section of the report
is reproduced hiere as Appendix I and consisted of a towal of 12 more
experiments.

8. Fourth Quarteriy Technical Repert (July 27, 1984 - October 26, 1994)
Suimmmary - Year 2

Principal investigators, Elvira Willlams and Jolinnle Richardson, ~long
with: one graduate and one undergraduate student, continued to hoid
weekly seminars and to work on the project during the swnmer of this
reporting period.

Very little techinical advancetnent was made during this reporting
period because the vacuum pump failled. Delays assc ciated with this
fallure, along with those associated tlie gas flow controllers (reporied on
in the previous quarterly report) made it necessary {o requesl a no-cost
extenslon of the project rom Seplember 30, 1994 o March 30, 1995,
We made the request. It was granted. But, because no additional fuuds
were recelved, the stalf h1ad to be cul. However, all 1iree A&T prolessors
continued to work on the project. The professors were released [rom their
from their normal duties 16% (Richardson), 2% (Willlams) and 0%
(Keuny). Also, 1 undergraduate and 1 graduate student continued (o be
paid from ARDEC funds. Four (4) PENS (undergraduale) students also
worked omn the project, but were patd {from non-ARDEC funds.

-10-




Mrs. Freeman met at A&T [or ancther in the series of techniical mectings
o on the projects. During this meeting (October 24-25. 1994) success{ul
' deposiilon runs were made on the 12 remalning experinents since the

'j'_‘ ',_ problems with the flow meiers and with the vacuum pump had been
¥ solved.

Graduate student's (Dawn Fant - Chemistry) thesis work continued

Yy
& with detailed progress reports made in cach quarterly report.

9. First Quarterly Technical Report (October 27, 1994 - January 28, 1995)
Summary - Year 3

The principal investigators and students continued {o hold weekly
seminars and to work on the project. We contlinued to hold techinical
! meetings between A&T aud Marllyn Freeman of IAT/ARDEC during
which we worked on the remaliing ARDEC experimenis. During this
reporting pericd these meetings were held December 11-16, 1994 and

R January, 14-16, 1995.

Near the end of the last reporiing period, the A&T segment of Lhe tecamt
began a collaborative research effort with researchers in the Physics (Dr.
Laurie McNeil) and Chemistry (Dr, Eugene Irene) departinents at the
University of North Carolina al Chapel Hill, Chiapel Hill, NC. The A&T
tcam began traveling to the University of North Carolina (aboul 50 miles
away) where they spent Monday mornlngs obtaining Raman spectra of
b the DLC fllins produced in thelr lab at A&T. This work was done in Dr.
" Laurle McNell's spectroscopy lab.

To Increase productivity (l.e.{toc reduce down time in the lab) and,

therefore, lo make the lab more competitive in generaiing funds for

continued operatlion, the following pleces of equipment were ordered:

-11- >




1. Rotary Vane Vacuum Pump

“J 2. Hellum Neorn Laser |
! 3. Power Supply for Laser »
Jj 4. Mac Perforina 475 Computer System & Ethernet Transceiver '
f
l

,,: The graduate student's (Dawn FFant - Chemistry) thesis work conlinued,
» with detailled progress reports made in ¢..ch quarterly report.

10. Second Quarterly Technical Report (January 27, 1985 - April 26,
19985) Sun.mary - Year 3

The principal investigators and students continued to hold weekiy

e seminars and to work on the project. We also continuer our collabo-
L rative research efforts with the University of North Carolina at Chapel
Hill.

v T e

The equipment that was ordered during the last quarterly reporting

period was received and installed, as needed. However, delays associated

with equipment failures (previously discussed) necessitated a request

for another no-cost exteuston (from March 30, 1995 - June 30, 1995). ’

. i"_::

- A The request was granted.

e Graduate student's (Dawn ATSU Chemistry) tlkesls work continued,

with detalled progress reports made in each quarterly report.

s 11. Third Quarterly Technical! Report (Aprii 27, 1995 - July 26, 1995)
| Summary - Year 3

The principal Invesligators ana students continued o hold weekly

seminars and to work on the project. We also continued our collabo-
-12-
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ralive research efforis with the Universily of North Carolina at Chapet
Hill.

We continued to have technical mectings between A&T and Marityn
Freeman ot IAT/ARDEC. During this reperting period, Marilyn Freeman
was at A&T May 8-9, 1995. During that time, Marilyn conducted Ramait
spectroscopy experhiments on some DLC samplcs at tlie University of
North Carolina. Essentially, all necessary ARDEC experiments have been

completied at the time of this report.

In addition, to the graduate work related to the ARDEC project that has
been taking place at A&T, Marilyn Freeman has been working on work
towards a Ph. D. in Mechanical Engineering at the Unlversity of Texas at
Austin.

In order help with the upgrade of our lab, ARDEC has donated some
badly-needed, clean room equipment to A&T (see following page for list)
for use in the Plasma Deposition Lab. However, some procuremeit
problems have prohibited us from recetving the equipment as part of the
existing contract, which ARDEC agreed to do. However, to allow tic for
this fo happen, we requesied and was granted a no-cost extension from
June 30, 1995 - September 30, 1995,

12. Fourth Quarterly Technical Report (July 27, 1985 - October 26, 1995)

Suminary - Year 3

The principal Investigators and students conlinued to work in the
lab with conceniration mainly on maximum mileage experiments. The
graduate student in Chemistry { Dawn Fant) at A&T and Mrs.

Freeman (at IAT) continued to work on their thesls problems.
-13-
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During this reporting pertod, Ms. Fant compieted the requirements for
her master's degree 11 chemistry and enrolled in graduate school to
work on her Ph. D. at the Unlversity of North Carolina at Chapel this
fall. 2 copy of the abstract of lier thesis entitled "Characterization of
Diamond-Like Carbon Fiims Using Two-Level Factorial Experimental
Design" , is on the following page. Dawn successfully defended her
thests on August 21, 1995.

Although we have not yel recelved the equipment donated by ARDEC,
we are continuing to make efforts toward that eud.

II. PLANNED TECHNICAL ACCOMPLISHMENTS SUMMARY

Working on the ARDEC project has been a richly, rewarding experience
for the A&T faculty and students. We greatly appreciaie the support
that has be been given to us. We plan {o continue to operate the Plasma
Deposition Laboratorv. but with greater productivity because of the

help that we havc received from ARDEC.

We will continue to watch for Broad Agency atid other announcements
froir ARDEC and plan to submit competitive proposais for projects that
are of mutual interest to ARDEC and the principal investigators of the
A&T Plasma Deposition Laboratory.

-14-
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DEFENSE
Department of Chemlstry
North Carolina Agriculturai and Yechuical State University

v

CHARACTERIZATION OF DIAMOND LIKE CARBON FILMS USING TWO LEVEL
FACTORIAL EXPERIMENTAL DESIGN

By

Dawn [ieather Fant

There ate many chetnical vapor deposition (cvd) techniques that have becn used to
synthesize diamond and diamond like carbon films. These different cvd technigues have all
provett to effectively produce diamond and dic films, However, some propetties such as film
quality, growth rales, and thicknesses vary from technique to technique. Very little is known about
the actual chemisiry involved in the cvd system and as a result there has been an on going quest to
oplimize the different deposition systems. There has been a temendous amount of work done to
determine the best processing parameters for the synthesis of these filins for many yeais.

‘ This research focused on using the fitst level of a two level factorial design to

-

‘chardcterizo a tadio frequency plasma cuhanced chemical vapor deposition system. Expetimental

Dealgn Is a slatistioal mathemntical model that is most ollen used in chemical and enginecting
plants (o oplimize chemical and manufactuting processes. This model 1educes the mnount of
experiments needed to pather a sufficient amount of information, detetmines impottant
experituental factors and the cffects that varying factots sithultaneously has on the system.
Substraies were placed symunetrically in four positions in the deposition chamber. RF power was
varied belween 30 and 155 watts, substrate heights were vatied using glass spacers between 0 and
7 mm and gas flow rate ratios were varied between 25 and 45% CLL - H; ratios, The filns vete
characterized using mass delermination, profilometry, ellipsometry and FTIR. These
characterization techniques were used to detetmine the important main and interaction effects
associaled with dic filin deposition.

MONDAY, AUGUST 21, 1995
12:00 PM
ROOM 101, HINES HALL
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III. FINAL FINANCIAL STATEMENT (For months ending July,

1)

2)

3)

4)

B)

6)

August and September, 1995)*

STUDENT WAGES. iiititttereectiesarsosresersssecssassrsasssnsass veerses 50,976.00
Amt. Encuinbered/ I'ate
Spent: 60,971.00 9/30/95 Balance: 6.00
LAB SUPPLIES...ccccietrnevennes teverererneraturerarrerrees vereesenss ..22,831.00
Amt. Eacumbered/ Date
Spent: 22,623.00 9/30/9b Balance: 8.00
OFFICE SUPPLIES..... ceesversrannerrens verressarsesnaranas reerenrscseessess 283,00
Amt. Encumbered/ Date
Spent: 281.00 9/30/95 Balance:

2.00
OFFICE EQUIPMENT........ccc..., teesess srerestresertestrstrsosantone v e 780,00
Amt. Encumbered/ Date
Spent: 7563.00 9/30/95 Balance: 7.00
SCIENTIFIC EQUIP....ccccovvervvenrrereennes ereesaevrrresevoncnsraurtas 12,8385.00
Amt, Encumbered/ Date
Spent: 12,628.00 9/30/96 Balance: 7.00
TRAVEL......... ehetieeratetnnioesntanrensnntassaetrentosnsosotannsttenenonys 8,735.00
Amt. Encumbered/ Date
Spent: 8,443 8/30/956 Balance: 292

* Expenditure and balance entries are from P. L. records, except where

indicated from attached University Records

-16-
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Finaticlal Statement {cont.)
for months ending July, August, S8eptember, 1608
[
S 7)  MAINTENANCE.............. RO UUP PO PUTRTRRORRROS 0.00
- B Amé¢. Encumbercd/ Daie (3,000 transferred)
j Spent: 0 9/30/956 Balance: 0.00 >
} ‘ ;;; 8) EPA SmEs-u-u.......nu..........--....-.......o.u.-.u....138.640.00
Amt. Encumbered/ Date
. j Spent: 138,640.00 9/30/95 Balance: 0.00 »
c 9) FRINGESOI.lI.l..‘..‘lb.....0..!..!.'.-.".'..‘09IO..O.".'.‘D.‘ ......... 33'274.00
& Amt. Encumbered/ Date
Spent: - 9/30/95 Balance: 10,738.94 »
(University Records)
-
7 10) INDIRECT COSTS..ccveinrrrnrarnrcrensssscasasessrsncasasesessss 107,182,000
S ' Amt. Encumbered/ Date ®
0 Spent: - 9/30/95 Balance: 16,252.41
' (University Records)
o F »
S Total Contract Perlod: Septesnber 28, 1992 to September 30, 1996
A Total Contract Amount: $378,271 \
- Funding to Date: $378,271 !
] ’
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Appendix A

Proposed First-Year Task Schedule

Jasks.

Chatactertze Qur Chaniber
Coal Flal Glass Sainples
Charactatiza Glags Samiples
Coal Aliundoiim/Ahnninn

O Gilags Saunples
Chaactodz o Alaadnomd Aoty

Samples

Goal I'lal Conper Samples
Characletize Coppor Sampies

Coal Flal Composlles/Polymides
Charnctalize Compositos/Motymides
Goal Flat Metals Othar Than Copper

Chatacletize Melal Samples
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Jul
A

Doy

O
Mov
Jan
I"eb
WY
A

1992
1992

1992

{992

(R M

faaz
194g2
1993
(AN}
1993
1993

£nd

Jun
Jul
Auy

Soep
[T

HMov
Dee
Feb
R
Api
May

a9y
1997
1Qa?

paag

feynye

{aan
fa4:
19493
1y
IHR
19




-

N V ':| ) "- : N T .:v
B S T

Appendix B
Revised First-Year Task Schedule




Apfiendix B
Revised First-Year Task Schedule

‘the principal Invesligalor and both co-direclors mel with Mrs. Matllyn Free-
man, Contraclng Offlce Representalive, at Norlh Carolina A&T Stale Untversltty
on 11 January 93 and togelier generated the followlng revised lechuleal plan
which represents a more reallslic schene constderIng the thime the award was
made (near e end of the all Scinester):

PROCEDURE DALE

Characlerize Deposition Chamber (x.y.z January - May, 1993
oplintzaton; coat silicon wafers using
chemcore or mfcroscope glass spacers)

Characletize Illins on Sillcon Januay - May, 1993
- ‘Thickness (welght averages, tally
sutfaces, Inletlcience)
- Index of Refraction (ellipsometiy)
- Compostlion (IUTULR., Auger (7)
X-ray diffraction)
- Adherence (plasina cleantug lo asslst
- Hall Elfect

Revlew (COR aud rescaichers meeting) May, 1993
- Examine Dala
- Examine Chasls/graphs (desctiblng
experlments and 1esults)
- Straleglze (based on resalls)

Coal A¢on Glass Samples June-August, 1993
Charactetize Fllins (and glass)
Coal 1\[’/1\4)0,3 on glass samples

Characletize Ilms (and glass)

Review (COR and Researciers Meeling) August, 1993
- Exainine Dala B
- Examlne Charts/Graphs (describlig
expethments sand 1esulls) ~
- Shateglze (hased on 1esulls)

JEUEEUL N TUN PP

, Begin Coating Copper FHims on Glass Seplember, 1993
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Appendix C
Schematic Diagram of Depositionn Chamber
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Appendix D

Photograph of Deposition Chamiber Showing

Baseplate, Cover and Some DLC Filas on Baseplate




I

Appendi x

Cover

Neposition
Same

and

[«
-—
s+
=
<
v C
[
— T
—
jo el
=<
St (S
e
o
[t
-
c v
- =
= —_
T awm

DLC

Photograph of

. ik
o

3

rapr bty I

e

Somo Dipt

A

“H‘ (A1

v by Mol al o

caling Choanbag

el
il




| Appendix E r

| Experient #1 (discussed under section "¢" below)
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L. Scienlflic Mcelings .

The principal Investigator, caight (8) undergraduale
student researchiers and one (1) graduate sludenl, alended
the Nallenal Soclely of Black Physlclsts Conference In
Tallahiassee, Floddda on April 21-24, 1993, Thice (3)
undergrad-rale students presented papers and thice otlrers
presented posters al thal meeling.  Thal meeting was

subistituled for the two () planned Summer 1992 meetings.,

c¢. Technical Meellng at A&T

Marilyn Ifreeman of the lustitule of Advanced Technology
al the Unlverslly ol Texas (UT) al Austin and (e Elecliend
Armanent Diviston at ARDIZC met with A&T ARDIEEC incalty
(Elvira Willlams  and  Johunte  Richasdson  from  the
Departnient ol Physles and Alvin Bennedy  fiomy {he
Departinent ol Chemistlry) and students, June 16-18, 1993,
Teclullcal accomplishunen.  durlug tial meeling included:

future project experiments, contamination reductlon durlng
processing, shalug ol techuteal papers related (o the
project and joiat pedounance of projeet expetfiments  (sce

Flguare 13-8) hy AT and U1 Team members.

One ol these experlments was designated Experiinent
il stince 1 was the st joint A&T/INT thatwas done on
a substrate prepased by ARDIEEC, IExperiment 41 o
DLC film was placed on an Alunitnum substrale pre-
pared by ARDEC. Al ARDEC samples were mounterd

on 7 mu high glass plales.
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d. Techuical Meellug at Pleatinny Arsenal

The A&T facully researchiers and Marllyn Frecman met
al Plealinny  Arvsenal with Ran Sttckdand aimd Greg,
Pepperlreton ol the Nuclear Division Judy T4-15, 19930 Also
present at that wecting were: Dr. T, Richaud Jow, Resenrel

Physfcal Sclentist at Fort Monmouth, NJ and Dr. W.J.

Sergeant, James Cierk Maxwell, Piolessor of the Stale

Undversily ol New Youlk al Bullato.

EREES

Flgiwe 138 (tq) Unddergradunte A& 1esemicher, Dingyl Moare,
U/ ARDEC tesearcher, Mutllyn Freeman
wd praduate sbadent, Donnld Andersan

Puor to the ART facully vesearchiers anteal ol his

mecting, My [freemnn Iad fitin [hickness

measturements made ol ARDEC o cne soanple Blon nade al

AT duding her Juie Ulp there, This thickness  was 018

mtcrons. ‘The hickaess needs (o be at least 050 niterons,

Ms. IFrecinan had deliberately brought the thus made o

ALY o the ARDIEC mieeling in cormpact, closed container s

I hot weather  vin standand Altport Tappage handling

procedures as o wear fesl. They were observed (o have




-

begun o sweal and lo (Hake around the substiate edges.

Also adhesion lesls of the DLC il on the glass mount of

the ARDIEC Al subsirale had been done back al A&T usiug
acelone, kim wipes, fingernall and scolch tape. I passed all
of tese tesls excepl, the scoteh lape.

Other accompllsinnents at the ARDEC mecting Included

repotts on: 1) the conlracl stadus aund e 1ccent visit fo
AGT by Marlyn Freeman, 2) technical accomplisinnents o
date aund  chamber characletizatton  1esulls hy Elvhin
Willlaims, 3) IR anadysts of DLC (Hhms (o dade by Alvln
Reunnedy, and 1) analylical lools or techimlgues requlred for

m characterfzaiion aud deslred eqrdpiment list by Johunte

Richardsomi.
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scans/spol) were laken al four different locations o

eachh waler. IPach location was approximately 90°

from each olher.

Figures C-3 and C-4 shows the FITR speclra belween
1350 and 1150 e as o funcllon of hejght for 30 and 120
wills respeclively.  All spectra have o pealk at 1440 em!
which corresponds to a CIL, or CIL, deformation.  This is

cousistent with the termination of dlamond veglon in the

filim by thesc groups.

Figures C-H and C-G shows the FTIR speclra belween
2600 and 3200 em’ as a function of height for 30 and 120
walls respectively. ‘The weal spectra at. 7nm and 14mm f{or
the 30 wall speclra are the result of the lower transmission
Sl walers uscd. All spectra display a peak near 2920 ¢!
which corresponds (o a CI streleh in a CIHL, functlon group.
Thig strongly suggests (hat the DLC (hns are lenninated

with CI, as opposed o CI1,.
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IFigure C-3

FTIA Transmission Spectra vs Height at 30 walls
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Figure C-4

FTIR Transmission Spactra vs Height at 120 watls
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Flgwre C-5

FIIR Transmission Spectra vs Height ot 30 wotls
Cl Strelch region
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IFgure C-6

I IR Transmission Spectra vs Height at 120 walls
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Figures C-7 and C-8 shows the FTIR speclra belween
1550 and 1800 cir! as a fuuction of helght for 30 and 120
walls respeclively.  Flgure C-8 shows slrong IR peaks
between 160¢ cm' and 1650 em™* |, which is the speciral
reglon where carbon double bond stretches (C=C) usually
appear. ‘This suggest thal al this power more unsatitrated
carbon or graphite lype compostiions are belng lormed.
These carbon-carbon double bond features are present at all

hefghis. ‘There 1y no indleation thal shadlar stractores e

formed at a power ol 30 walls (( FPlgoare ¢ 7).

3. Sunnnary

A) 'The deposition composiltion Is strongly dependent
upon the power. Iigh power levels (120 walls)

lends o produce more  graphlle like carbon

struclures.

B) The deposition rate 1s strongly dependent. upon the

power, and Increases as the power Increases.




IFigure C-7

FIIR Transmission Spectravs Heightat 30 Walls
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3 | Figure C-8
FIR Transmission Speclravs Heighl at 120 Walls
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C) The deposillon rate appears lo decrease as e

height of the substrate In the chamber increases,

D) The type of substrale and spacer used secems (o

aflfect the depositton rale.




22

:A o

T ™ T s n
. ol L B
T U S 3

4

!

D. Flectric Fleld Approximation at Flim Surfnce for Metal and Glass Spacers

Prelinibiary modellng of the clecltle field belween the plates ol a parallel plate

- eapacllot (representations of the deposition chaunber) follows on the next several pages.

la these tuodels, the assmmptions made e (1) e loenflzed electile Qeld above n
authsttale on glags or melal apacers predominales,  (2) vactoany, apaeers, nubabinlen,

DLC films, all with acen A, form n setles capnellor siaangemenl, (3) the top capaciton
plale {s at 440 volts.
Also ln Uhese models, the following symbola have been defined:
C = capacllance

cO = permilitvity of fice apace

A = area

d = dlstance belween capacttor plades
U = the encrgy

V = the vollage

k = tie diclectile constand

The diffetent K's tepresent the seglons of different dielectile constant hetween the
capdcllor plales.  For exauple, a model #5, k1, k2, k3, and kd niplit tepresent the
dicleclile conslant for n glass apacer, asilicon substinte, n DLC N, and a0 vacoaom,

reapeclively.  Preflmlnmy numertend values Ul approxiimale those ol the dicleclies
tded I our baste DLC expetlments mie explored usiug T Solver Plus compuler

softwaie to generale numbers thal can be compared wilh real parameler values,

Equations tised In the above models lnelude:

VOLUME = A . «i
U=(1/2)cv?

1

" 2
U (I/Q)Goj Ik It ,C U= voliune

]

(& ke (A/d) = M
e (A/d) k(’va(:uum

1/C = (l/(,") j (I/(:Q) I (I/(fa) b, {eapaetiors In serles)

8
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"Modeling ile Electitc Field in ihe Depusition Cumber By |
"Sattes And Paraliel Parellel Plate Cupacitors B

s
4

"Model #1 - A Paratlel Plate Cupacilor In A Vacuum

&'ﬁ C = ed*Asd
U = (CWVA2Y/2 !
U = (1/2)Yed*k¥(EAZ) Y volume
|| volume = Atd
)
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8.85E-12

Qutput. Unit Comient:
2.206E-12 faruds the capacitance
coulombss

S

. 0081 m the area of the capacitor b
.0325 m the height of the capacitor gup

2.1351E-7 joule
volts the potential at the top plute

2 1

M <o >m M

»
9573.138 wvolts/m  the electric field
o volume .0Q0026325 mcubed the volume of the dieleclric
H . b
ﬁ » R
=1 »
\“ '
- »
. ‘T:A
[l
o »
e
;,‘ ., : ‘
"
] 30 N
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S Rule
"Model #2 - A parallel plate capacitor filled completely with

"a single dielectric k

C = k*e@*A/d
* ] = CK(YA2)/2
* U = (L/2)*ed*k*(EA2)*volune
* yolume = A*d

/
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St Input Nave  Qutput  Unit
- C 1.741E-11 faruds

1.7 k
| 8.85k-12 €0 coulombss
! gﬁ 7.0081 A msq
.07 d m
U 1.6852E-6 joules
440 Vv volts
E A144¢. 712 volts/m

volume 7.0000567 mcubed

R

32
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% "Model #3 - A parallel plate cupucitor filled with

S \ "diéleclrics ki and k2
3 C = (2*%0*A/D*((k1*k2)/(kiik2))
T U = OK(VA2)/2
o * UL = (1/2)*e@*k1*(E1A2)*volumel
%2 = (1/2)*e@*k2* (E2A2) tvolunieZ
.+ * volumel = A*dl
g ¥ volume2 = A*d2
i * E = alpha*El
% *E = beta*t2
ol *U=U1 12
. A N
PR
- * — e - -
R
T
*
£ *
. ] * _ S e e s
*
*
*
“dl .
*
*
. *
*
E 3
*
+*
£ 13




N LSt,iﬂQﬂf Name Qutput Unit Cament

. ‘31' C 2.869E-12 farads
gl | k
#ﬁ 8.85:-12 o coul ombse
A . 0081 A sy »
B .0325 d m
o U 2.7771k-7 joules
o 440 Vv mcubed
x4 13538 E vol ls/m ’
o | volune mcubed
& 1.86 I
e 1 k2
= _ ul 9.5004E-7 joules »
' El 45119.647 volls/m
S volumel .000Q567 nicubed
e uz 3.4174E-7 joules
! E2 19336.445 Sjoules »
| volumeZ 00020655 mcubed
Ny N T4 dl m
o L0255 d2 m
o G .30004667 alpha , .
g . 7001287 beta
- -
.‘)3
j: »
| »
’
3
[




S Rute
"Modél #4 - A parallel plate capacitor Filled with
"three dielectrics ki,kz,k3

*

(170 = (d1/k1*e0*A) + (d2/k2*e@*A) 1 (d3/k3*ed*A)
U = C*(VA2)/2

Ul = (1/2)*e@*k1*(E1A2)*volumel
U2 = (1/2)*e@*k2*(E2A2) *volune?
U3 = (1/2)*e0*I3*(F3A2) *volume3
volunmel = A*dl

volume? = A*d2

volume3 = A*d3

E = alpha*El

bela*E2

- gonma¥E3

= UL 4+ UZ + U3

* € X ¥ ¥ % £ ¥ ¥ ¥ *

E
E
U

5
; |
: !/_’\__.'
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—

A
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A
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St Input Name  Qulput  Unit Comment:
C farads
1.86 k.
p k2
i k3
vo lumoel mcubod
volume?Z mcubed
volume3 mcubed
13538 E volts/n r
cl LYY volts/m
L2 A512G. 667 volis/m
E3 27076 volts/m .
30 U joules r
UL joules .
u2 joules
u3 joules
2 alpha )
.3 belu
.5 ganma
81 A _ ms(
%1% d m )
v mcubed
dl. m
el coulombss :
Uz m y 3

d3 nm




'S Rule
“Model #5 - A parallel plate cupucitor Filled with

"three dielectrics ki1,k2,k3,k4

(1/0) = (d1/k1*e@*A) + (d72/k?*eQ*A) (d3/k3*e@*A) + (d1/k4*e@*A)
U= C*VA2)/2

Ul = (1/2)*e0*k1*(E1r2)*volumel

U2 = (L/2)*e@*k2*(F2A2)¥voluiiel

U3 = (1/2)*e0*k3*(E3A2)*volumel

U4 = (L/2)*e@*k3¥(EAA2)¥Yvolumen

volumel = A*dl

volumne2 = A*d2

volume3 = A*d3 ' )
voluned = A*d1

 — alpha*il

I = bela‘l:?

E = gunma*i3 )
E ~ deltu*4
U=UL+ Uz U3+ U4
d=dl 4+ d2 4 d3 + d4
p
)
! »
i |
»
. .

37 »




E »
, -{ St Input Name  Qutput  Unil Comment
- | C 5.1891E14 farads
.007 d1 ' m
- 1.80 k1 Y
P R.85L 12 €0 coulombss
- . 0081 A s
.-j .03 d2 !
. # P kZ »
N L0015 d3 m
e 2.42 I3
o U .00003611 joules
v 3.731k-10 volls ,
U1 2.13821-6 joules
I3 67690 vol Ls/m
volumel (000HG7  moubaod
U2 1379417 joules
: -2 15126.667 volls/m »
cLF volumeZ 00243 mcubed
. U3 1.4991E-7 joules
3 33845 vol ts/m
volume3 .00001215 mcubed >
13538 t volLs/m
2 alpha
. .3 beta l
. 4 ganmmia . »
021 da m i
' 1 kA |
Lo U4 3.3384E-5 joules |
E4 135380 volls/m >
" volumed 0001791 wmcubed
.1 deltu
. L0325 d n
i >
[ ]

38 >




S Rule
K References For Capacitors
"RUALD Serway, Physics For Scientists and [ngineoers
" With Modern Physics, Third Ldilion,
" pp. 726 - 731

"D. Huliday and R. Resnick, Fundamentals OfF Physics,
" Second Edition, p. 501

"P.A. Tipler, Physics For Scientislts and Enginears,

" Third Edition, pp. 690 - 709

"D.M. Trotter Jr., "Capucitors", Scientific American,
" July 1988, p. 86

"D.K. Cheng, Tundamentuls of Engineering Flectiro-

" mugnetics, Addison Westey, 1993

pp. 116 - 147

"J.R. Reitz, F.J. Milford, and R.W. Christy,

" Foundutions of Electromagnetic
" Theory, Addison Wesley, 1993, pp.
" 150 - 153
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Appendix IF
Experiments #2 and #3, Maximuwumn Milage
Experimental Set-up, Model ol Electric Field in

Deposition Chaimber
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Fourthh Quarter Techuleal Progress Report (luclustve of Sections ¢.1)

Dundng this acporting petiod, (July 27, 1993 - Qctober 25, 1993) focus has

Leen on: (1) contnued chmactenzation of the depostion chamber In (he
z-tlrécton for damond deposttion on sillcon substiates ag standad nad

analysis of DLC flims (Sce sectlon C- below for discusslon of detalls), .
(2) deslgulng experlments Lo get tie mostimilenge per experlment, (3)

cslablishing a substrate cleaning (and etehiing) procedure, (4) deposition

of DLC (ilws on sluminum and copper subsliates provided by ARDIEC,

(6} Electe Fleld approximations at 0l suw face for metal and plass '

spReers,

Lo Techulenl Meeting ol A&}/ Most Mileage Experfiment Destgned

A collaborabive tescatch meeting was hiekd at N.C, A&T Slale Univeralty on
Seplember 24-26, 1993, Altendees nl the meeting on September 24,1903
were: The A&T rescarch tenm (D, Alvin Kennedy, Johnnje

Richardsoit aud Elvlin Willlaus), Muoliyn FFreeman and Dr, Pergsud
Chadee from the Institate of Advanced Techmology (IAT) at {he Unidverstly

ol Texng al Austin, Allendees on Seplember 25, 1993 were: M llyn

Freemeau, Slvirae Willlams, Dawn Fanl sl Donanld Anderson (Chemlatry
grad sludenls), A. Akpan (Inh naslstant). Altendees on Seplember 26,
1993 wote: Martllyn Frecemnn , Alvin Rennedy, vl WiEans, Dawn Fant,

Donald Anderson, aud A, Akpan. Dundng the teehntenl meeltng on
Seplember 44, 1993, Dr. Chadee suglgesiod iie mosi-miienpe experimend

slcetehied holow:
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In this expeitment, glass sildes nie (o be placed amound the chamber as




shown It stacks of 1.2.3.4, ele. ogh as possible in the 3205 nan high
chamber. Repeal stacldng until ali chamber base 1s used. Place
substrale chips on cach slide ek and make aodeposttion un.
Substiale chilps may vary. e.g., Al Cu, cte. Many expertments can be

obtained (rom a single 1un. For examiple, deposiion as a function of

helght, deposition as a flunction of sehahate type, ele. The A&T e

plang to . eac experiments,

2. Techinteal Mecting at A& F/Sabstiade Cleaning and Elehing Praceduten

tadtinted

Subsliate Cleaning (aud Elching):

All subsirates were cieancd uslug best avallable methods as follows:

Microscope Sltdes @ Scrabbed with [ap water and chicese eloth then

thased wHh ap waler aad vapor diled in acetone vispor.
{Ac:tone chemtent grade?

Aluinum Shects @ Al sheet 1o bhe coated was pre- pollshed asing
fap wales, heese eloth and "Corolog Cleaner and
Conditiona . o polishing componad. This plate was (hen
vinsed well tin tap water and subasequently cleaned with same
method ng descibed below for teal of olumilnum plades (o
stacking). Al aloumibnum plates were subtecfed toa 12
minute adp into yoom temperabire copeentlrated HSodbnm
hydioxide soluton cetehing aoed then shnsed well In tap
waler, ‘Hhiey were submersed ta tap wider theo slased and
vapor dried in acelone vapors,

Sl Walern - Shwalera were rlnsed with acelone then tap waler annld
vapor ded o sweefone vapors rereatediy antil the suddacee to e
coated dijed evenly and " looked clean”. (v type, podaoped)

ARDISC Plades - P20 6, and A T2 weye rinsed In tap waler ool
repeatedly vapor ciecaned by acelone vapors anttl thie sarface {o
be conted diied evenly when removed ftom (he vapora and

"appeanaed clean™.




3. Deposilion of DLC Fiima on Afumitnwm and Copper Substiates provided

by ARDIEC

During the sceond and third days of the Teclhinleal Meeling al A&
(September 25-24), two experlments were perlonmed (tan #1367 o)
Expertment #2 and run #1368 or Expertment #1:3). The expertiment
performed durtag the June, 1993 collaboralive technleal meeting at
A&T and reported tn the Thitd Quarterly Report is referred (o as
Expertment #11¢, The cxpertmcnters for Expetlments 12 and #3 were A
Akpan, Dawa Fanl, Mudlyn Freeman, qaud Blviea Willlams. The
objeclives, and substiate conflgmation tn the deposilion chamber for

these experhnen(s are shown below .
Expeddment #2

Objeclive: The Purpose of thls experinient wasg to eblaln the following daia:
1) Prellminary temperatuse profile asing head tnpes
2) Replicate results of Expetdment #1 with cleaned substiaden
3)  Oblatu samples of DLC (thng for fuher anadysls by test niethods

other than those currently avatlable at N.C. A& TS

4} Coal with DLC (i o Cu/Cr coaled ARDIEC plate

Substiale Conligaration in Chamber (Sce top of following page)

* e ‘ v LY . . LS
Nole:  Ma, eemnn handed ol ol this meeting noepmCentitied, "IThlcknes:s »

nteasuwrement of Darond ke Thin Fthms on SHicon Waterg sand Clnea

Substiates”, which wag pedormed by sesenrels team members al

ARDEC on the DLC films depostted tn Bxpedment #1, This yeport, 1o

Appendix €*, glves film (hlckness measutements of 3500 A, 7000 A, »
and 7400 A,
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180°

Cw/Cr on glags

270°

and B oapeciatly made for vacwwmsa ( Spodg/Switzer Tand ),
(2) Wafers were held on plate sutfaces ualng small sHp

of 3M Scoteh doubile alded tape, (3) For the sHdes In the

afaclo

alkeleh ), o heat tape waa placed on the botton shide
next to the platen: another on fop of sccond slide up in
the atack, another on top of the thind and another on
fop of the top slide (4) "M" in akelel means mang of top

ailde wan talken and "I means actemperataee inpe, (5)

vidder alide 716

P
Glase plute li"‘(‘l"\:""lr‘( - Alumninum plate stack
iy PROp
winelr = <tldde
2 < etid {1 4 ou°
MM '[,\l
fite 11
A-7 2
T"‘; A Cu on plass ';;:;’
Single Sllke
slid Sl
(A =pdesn)
0°
Note « (1) THeat tapes used were " CelalSOp " hoand Type €01,

Sce Chavnber confligaation

Run (e was 120 miln., R power waa 125W and

substiale helghts were all 7nnm,

Experiment #3

Objective - To determine elfects of talshng R Power on guality and

charncleristica of carbon (Al (DLOS one varfoua substiates,

T —
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Procedure: Substrates were cleaned using the sane procedases as in

Experbnent 2. ( Stacking slides and Al plates helow the one

subsirale (0 be coaled were nol recleancd and heat {apes tromn

previous tuns were left in place sinee they had not chianged duaring

previous run). Substrates were placed In the same configuratlon In

the chiaanber as In Experhuent 72 aad the same act of surfacees (AL

S1, Glaaa, Ca ) were nacd. Efforts to ceplieate ol depostilon

parnmaters ol Experhment 2 were made exeept thal RECpower Tor this

1un wag (o he Increased lo 175W.,

achleved, so woe ran ol 1HHW,

However, T7HW waa nod

Substiate Configuration In Chamber (See below):

180°

Cu/Cr conted plate

-2

Glase plande w/wafer

i1y
279°

Ixlinust
pest
Shipg:

cide

)
3

AVCu conled plote

Slugle
sl

1.

Al plote stadke w/ wnley

" 0()°

ha

Shicke
slmifk

(4 <|liles)




C. Aualysis of DLC Filins to Date:

‘The primary focus ol these experliments was lo delermine
thie elfect of both power and posilton of the substeate i the
deposition  chiunber upon the  deposttion rate and .
compeoestiion of the DLC [ims. This scelton sumniadzes the

resulls of  the  deposition chmber ctuwaeterizallon

expoeriments and prelimdnay analysts ol runs made using
ARDIEC deposilion plates. The depostition rate Is reported
using o normalized deposition rate (NDR) and the changes In ’
composttion e reporied using FUIR data,
~
rﬂ 1. Normalized Deposition Rate (NDIR) g
dia As descrihed o a previous sectton the mass of each wafer
S wias measure helore and aller deposttion. Because of the )
" diffcrences in the diameter of the wafers ad the deposttion
tines used these resulls are repocted using o calewdaded .
‘ >
normalized  deposifion ale (NDR). The NDIR penmits
comparisons bhelweernt different runs and the formuala s
glven helow: r ;
|
|




. R

ND[R=.- IISS
arca*llme

Tables C-1 (o C-3 show the NDIR [or depostiions al
different heights (z-cdlivection) I the chaunber and dilferent
deposition powers. A deseription of the positioning ol the

walers can be found {n section 13,

Table C-1 shows the NDR for o subsliale helght of O mun
in the chamber using bothh 30 and 120 walls.  This

cortespouds to Lhe sillcon substrate resting dheectly on the
base plale. The rinun number glves the actual run number
and the x,y positton of the wafter fn the chamber. For
example # 350 0 corresponds (o run 350 al %,y posttion =
0". Mosl of the s wore taken at XY = 0. "Two runs (13349
& #307) were made with founr walers in the chamber al four
differenl x,y positions (see scettonr B for delails) at 35 walls.

Run #370 was run under the aaime conditlons al 120 walia,

The average NDR al Z-OCimin ad 35 walls power was

measured to he 3.9(0.2)F 06 mg/mm” min. NDIR values for




' Pt

"'able C-1

Normalized Deposilion Rale for 7,.=0

A

e et eyt B Py e

168

avp=

"RUN # | Diameler Time | Mass NDR

(tnm) (min) (mg)  [(mg/mm"2 min)
339-0) 101.6 N 360 II(V 401 (¢
'33*9~9(‘) . lr()l 6 )()U N ll 44 . 91 Uh
‘339 180 _mﬂ%I(H 6'“W> | » 360 V 11,69 U “;lUl UG -
339- 27() ﬁm“l()l 5 - N ‘3()() N l)} - 74 2106
36;1;_ —lUIG ) >M;:““"wi8U.A WQL£9 7-3&l Ub
'107Eﬂ;—~ WVI(H 677 MIBU !;UQ 4il'Uhr
3‘(‘)“;‘13() | H)l.(; 18() ’3‘.32 ‘11.6|€- 06 |
>MH’A;6 101.6 | 180 H.3 HJﬂélna

| avg. - 3.8((-).5)17.—()6

~Wl?()’)w_ mlhkm”' 168 9.74 %?Fﬂb
7 37_(—)*(;(; I(H 6 lm& 9.3 691 U6
37U480~— lUIG N 7"W168"“ *dfﬁi 7%” UGMW
.I'I(q)—l]:) - I()l 0 . ” - vf/‘.(‘, ”(‘ Bii-U0 |

7 (M !h)l {10




#1339 have very e variallon. While #307 NDIR appears o
vary wilhh x,y position. The NDIR af 120 walls was

7.010.2)15-06 aand correspondsa Lo a0 849 increase in the NDR

al the bighier powers,

Table C-2 shows the NDR {or o substrate helght of 7
in the chamoer at 30 and 126 walls, For 30 walls the NDR
decreased wih an lncrease In helght o a0 value of
2.6(0.0)I2-06. "There was also a decrease In NDR at 120
walls with (he fnercased helpht to a value of 40101 A0 06,

i e .
Which is annerease of 58% compared to 30 walls,

Table 3 shows the NDR for a helght of T4nun 0 the
chamber at. 30 and 120 watts. The NDR deereased for bhoth
powaers al {his heighi. At 30 walls the NDIR decreased (o

L.O(O. 1B 06, while at 120 watls the NDIZ decteased {o

2.700.2)15-04.

L)
’

figure -

Uis  graph of NDR va deposition helshl and
power. Tor hoth powers, NDR decreases lineatly ag the

chiamber hetght increases, The higher power cleqarly has o
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Table (-2

Normalized Deposition Rale [or Z2="7 mm

RUN it | Diamel Rt Tie Mass
cer )| (watt] (min) (myg)
s) _ "
304-0 L1016 30 80 ”?.:.(31-1
" %64‘)() " 10 l;.('r ) 180 2.8
1()4:18() | VANE \'3(.) | 180 2.7
864270 | t0Le| 0] 1s0] 2
o | avy -
3'3 l»U N :l,i),l_.(’) 125 O() 2.07
’3'31—9() | 101.6 125 O1) 2.33
331180 HO1.6] 125 GO 2.9
Cfii -_~27() I()l.(i| 125 60) 2.4
| - AV, =
N

NTR
(mg/ N7

min)

VAL ();;A
291 00
2810 00
."},Uli 06

2.0(0.0)-00

4. 31 00
4.81% 06
4710 06

501 06

A TCHA) 106




Table C-3

»
Normalized Deposition Rate (or 7Z=14 mm
Cung | Diameted RO Tiwe | Mass | now .
() (walls) - (min) (my) (mp/uunn2 min)
J76-0 101.6 30 180 1.53 L.OE U0 a
J/()—‘)() e VIV() 1.6 &3() . l.(‘m .I 07 - l,.tl,rl".»()(i ’
) :57():18() '_l‘(l),l.() 30 130 146 LOE Q6
ﬁ_,.-; $7())7() l().ll.(i (!0 Ifé() |A.f-l'-). | 9.71:-07 »
o | AV, -~ LOW -0 ;
| I:
375-0) 1010 [20) [80) 3.505 24100
:’;';'—;—9()‘ '|>()|,-.() 120 180 .13 2.815 006 ,
375-180 l()l‘.(ly I.Y.U | 180 | A1 2815 06
.'1'/57-—}"..'/';() 101.6 120 J80) 1.27 2.91 0o

. .
avp, - | 2702 B 0o J




faster deposiion rade. This dependence on power ol
hetght does nat Imply that the sane composttion matendal is
belung depostted al the vattous  helglids, This will he

discussed in the next sectton,

Flgine C-4 shows the relatlonship belween NDIR and
power fov ditferent substrales and higher powers ol oo
chamber helght of 7 mon This paph combines data
reporfed  above  with resulls oblained Hom experiments
conducled withh Ms, Mardlyn Frecman, The expethmental
detaily of These rang were discussed in section 3. The open
symbols represent results oblained om depositions on

Iisulatng sthicon conininbng subalraden, The closed symbols

tepresent metal fila depostted on plass 7nom subatndes,

The open donverfed cand opdghl iisaples e the reasntly
for deposttion on elther ghes slides o SU waders on Pl
supporls. For these completely insutating sabshiades the

NDR clearly nereases ey with inereashyg power .
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| Pigure C-1
Normalized Deposition Role vs Power and Hieghl
)
L& K

iy
TR

16




The open diunnonds e the tesulls of StEowaters one Al

supports, AL P20 wiadla the NDRCE nenndy the conne an 230
watls.  Bul there is o steep toercase when the power s
Increascd o 155 walls, Al this power the deposition on the
Stowaler 1s grealer than the corresponding deposilions on

Insulating supports. And nearly as large as the depositions

on the metal (hin e,

The cloged  cheles and squaves  are the resulls of
depositions one thin fihas AL aad Cu o (vespectively)
depostled on 7onun glass substiates, AU 120 walls there ds
clearly o larger deposttion rate for these substrates than (he
S conlalning mmaledlals. Al 1H0 walls the change in NDR
Is not as large as the SEoconlaining substrates, Which
suggest very TitHe dependence for the subshuades upon power

levels above 120 walls,
2. Analysis of Deposition Composition

Fach FFR yan conststed of founr waters poslitoned svonnd

the chamber at o ixed chianber height (7). FTHR scans (128
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Lxperiment #4

Objectlve: To delermine the eflects of grounding the metal substiates
on the qualtty and chiaracteristies of depostied carbon filing

{DLCY)

Substrate s were metat-on-glass (2 Cu on glass, 2 Al on glass),
Prior to cleantog, aluminum ol leads were altached to {he
tabs of one Al plate aud one Cu plade using small pleces of
Ar~her brand (64-010) tape solder (parchased al Radio
Shack) and applytag heal to the top slde of the foft with «
soldering hon, Plates were then tinsed in tap wader and
vapor cleaned fn ncetone vapor.

Procedure:

K
Sehstrate Clambsr Conticural fon: o T
,/!
/ LR \
\,
\
\
Tovhignt
) pi-lf
i |( ) noRn B
Y | grainded / o
B 10
qrotnded i
!
N /




Appendix b

Experiments #5 and #6




Objective:

Procedure:

Experiment #5

To obtain thicker films than those previously deposiied on
Al-on- glass plalea and to make capacttor devicea out of them
for evaluation,

Substiales were alimlnume-on-glasa (reliablity plates). Plates
were cleaned by rinsing with tap water and drled in acefoue
vapors. Plates were welghed, heat (ape {cud) were applled as
masked over the fabs (to prebase Al for Ialer  lead
attachment), and plates were placed In the chamber as
shown in the diagram helow,




Objective:

Procedure:

To obtaln thicker s than those previously depostted on
al-on- glasa plates nnd to manke capacitor devices oul of them
for evatuntion.

3 substirates were alon-glass (tellability platesh | oeuabsirate
wus ALO on Al-on-glass (telinbility plates) Al were were
cleancd by rinsing with tap water and diled in acetone
vapors.  Plates weire welghed, heat tape (eal) mashed over
tabs and placed into 2 elean chamber as shown in the
diagram below,
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Planned Techuical Accomplishiments Section

of July 26, 1991 Quarierly Report

| arn e




" ®
®
’, The next phase of this design is the star or composite
i destgn. I there appears (o be a lack of agreement between
; the average respouses of the center point or non lincarity,
§ four star points arc taken together. These points along with °
. the factors are equldistant from the center polais. These
! new runs are then randomized and (he important eflects and
‘ finteracttons can be determined by o linear regresslon. y
L,
From (his Iformation « responsce curve, which s a
three-ddmentional curve that plots the response against the o
faclors, Is plotted. This curve should span some range and
thus indicates the areas  of maximum and  minfom
_ experhmental parameters.
.
II. PLANNED TECHNICAL ACCOMPLISHMENTS
The followiug are planned {echnleal accomplishments (o he
conducted by the A&T* segment of the A&T - INT/ARDEC ’
rescarch {eam that were generaled during the July 113,
1994 Technleal Meeting al ART:
»
5 (1) After the new flow meters are installed, the A&T segnient of
_ the rescavch team will redo Experhment # 5 (see Appendix 2
r for the objective and procedure of Experliment ## H) making »
any adjustments necessiny (o correlale the flow rates
‘N()I}'::(”)“I‘;‘_l"}"lfhll»l;l" ('I" the jolnt experfinents will e cantied oat by teiun mmembers ol 1AL
nnd ARDEEC




(2) The A&T scgment of the rescarch team will - correlate

readings of the old flow controllers on the depostion system

and the newly-ordered flow meters.

DLC fllms necded in Experhment # 6 (see stadement of
Experimert # 6 and Hs purpose In Appendix  2).  ‘The
substrales will bhe 12 glass plates on which alumibnum 19%
copver (Al/1% Cua) films have beere deposiled by a
standardized  physteal vapor depestition  process  ulilizing
reslsiance heatlng. The metal fim layer will be nominaily 2
microns thick and shall be examined prior to DLC deposition
to ensure supcrfor adheston of the AL/17% Cu to the gliss
(saumples  tested  should  exhibit adhesions  greater than

10,000 pst as measured by (he Sebastion 1 adherence

{ester))

Alt of the substrates will be conicd with a DLC fiin using the
PECVD technlque at A&T. The depostiion parameters are {o
be Hdentieal except for the thime of run, Loe, thickness of the
deposits will be the experhiental  veclable. Sinee  the
deposition system af A&T can only acceptl four of the
substrates . oue 1un (due o the physieal size of (he
deposltion chamber), thiee tuns will he requtred (o coat the
12 substrates; therefore, three different DLC (hlckniesses will

he produced,

(3) The A&T segment of the research team witl make the DO

fihms needed i Bapeviment # 7 (see stadement of Expertment

13
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##7 ancl ils purpose in Appendix 2). The substrates wilt be 12

glass plates supplicd by ARDEC on which alumlmm 19
copper (Al/1%Cu) flims  are depostled by a standardized
physical vapor depostifon  process ulilizing  resistance
Lhieating.  The metal filim layer wiil bhe nontnally 2 anletons
thick andd shall be examined prior (o DLC deposltion to
ensure superior adheston of the Al/1%Cu o the glass
(samiples  tested  should exhibit  adhestons  greater  than
10,000 psi as measured by the Schastlan 111 adherence

tester.)  Nince of these plates will be anodized under @

standardized process so that an /‘\IQ

4

O Iayer of nominad

ililckness of about 0.3 mitcrons is formed.

All 12 of the substrates will be coaled with a DLC HlIny uslig
the PECVD technlgque al A&T In which the deposttion
parmeiers are fdentieal except for the time of the run, 1oe.
thickness of the deposiis will he (he experfmental viatable.
Since the deposition system wlilized ol AT can only aceepl
four of the substrates In one run (due io the physieal stze ol
the deposttion chamber), thiiee runs will be required {o coal

the 122 substiates;  one Alon-glass  plade  whh  thice

Al/Al.Z().i—mrglﬂss plates will comprise eachh ran. thiee

e . . fos ssegarloscrns
llerend 1 sses will be jri ihviced,

14
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MASS FIL. OWMETER )
\ CONVERSION FACTORS
L8 GAS SYMBUOL CALIBRATION DIAL SETTING
1 Acetylena e 61 »
: Air : (W)
Ammonia INH? 63
Argon A 1.44
,’ Arsine ASID 66
Boron Trichloride nep 39
- : Baoron Trilluotide B! 61 »
L Carbon Dioxide (n 74
l Carbon Monoxide [ 100
. ! Chlorine on R4
! Diborane e 14
Dichlorosifane St A4
. Dichloro Methiyl Silane (CHT 2 HicP 23 Y
i Ethane (IR R 19
Fthylene Cs 60
‘ Freon-12 e ng 12
Freon-14 CFe 42
Freon-22 cHor 41
Germane Gell* ) >
Helium® e 143
K-"m Hydrogen® 1 102
‘ Hydrogen Bromide B 104
Hydrogen Chloride Hol 8
! Hydragen Fluoride H¥ 100
! Hydroqen Selenide 11'Se N1
Hydroqen Sulfide s 1 4
Krypton [ 119
Methane «H 12
Methanal 1O 58
Methyl Uiichloroailane (C t) sien ?5
. , Nitric Oxide Ny g2
o 1 Mitraqen ti 1 () ’
| I Mitrngen Dioxide NI 41
3 i Nittaus Ovide rite) 1
L A | Oxygen 0! | (n)
1, Phoaphine N 69
I Mropane I 16
3 | Propylene ¢ 11 ’
| Silane Sibis 59
Silicon Tetiachlovide S| 21
‘ Sullur Dio<ide SO 66
Sulfur Hexalluoride Sk 28
| Tungsten Hexallroride Wit 22
I Xenon Xe 136 ’
Triehlornsilane Silte [
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Appendix 2: Some Detalls of Foxperbments #5, 16 and {17, »

Experiment #5

»
Objective:  To obtain thicker fihina than those previously deposited on
Al-on-glass plates and to make capacftor deviees oul of them
, for evaluation.
4 Proceduwre: Substrates woere aluminum-on- glass (tellability plates). Plates ’
' were cleaned by rinastag with tap water oo Ddied tnacetone
vapots. Plades were welghed, heat tape (eod) were applted as
masked over the tabs (fo prebase AL for Lider lead
attachment). d
. .

Experiment #0

Description:

Determination of the effect of thickness on dicleclite stienpih
(breakdown voltage) for DLC fihms produced by PECVD.

Purpose:  To delermine how bhreakdown voltage of parallel plate capact
tors fabricaled with PECVD DLC fihms vindes with dlele e
thickness.

Experiment # 7

[Jescription:

Dcotermination of the effect of o layered composite dielectyie
, and layer thickness of diclectrie strength (hreakdown vollage)
and DC leakage current for DLC fllma produced by PECVD 1n
a layered /\l?‘( L /DLC dicleetile system,

Parpose:s 1) To determine the effect of o layered composite diclecti e sys
tem compising oo thin il ol /\I?(),; under a DLC flim on the

| ] DC leakage cuncent and hreakdown voltage of panallel plate
capacliors,

2} To determine how hicaludown voltage of pavallel plaie capact
tora fabideated with Inyered compostie diclectiie compilsed of
a thin fHm of Al O, ander PECVD - DLC thin Qs vandes

with DLC {hickneas,




